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Abstract

Subclinical renal dysfunction is increasingly recognized as a systemic condition associated not
only with cardiovascular morbidity but also with cognitive decline. Structural and hemodynamic
changes in the kidneys may precede overt laboratory abnormalities and can be detected using
ultrasound and Doppler techniques. Growing evidence suggests a close kidney-brain interaction
mediated by shared microvascular pathology. This study reviews the role of renal ultrasound markers
as early predictors of cognitive impairment, emphasizing their value in risk stratification before clinical
manifestation of chronic kidney disease or dementia.
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KOGNITIV BUZILISHLARNING ULTRATOVUSH BASHORATCHISI SIFATIDA
SUBCLINIK BUYRAK DISFUNKSIYASI

Abstrakt

Subklinik buyrak disfunksiyasi nafagat yurak-qon tomir kasalliklari, balki kognitiv pasayish
bilan bog‘liq tizimli holat sifatida tobora ko‘proq tan olinmoqda. Buyrakdagi strukturaviy va
gemodinamik o‘zgarishlar aniq laboratoriya o‘zgarishlaridan oldin bo‘lishi mumkin va ultratovush va
doppler usullari yordamida aniqlanishi mumkin. O‘sib borayotgan dalillar umumiy mikrotomir
patologiyasi tufayli buyrak-miya o‘rtasidagi yaqin o‘zaro ta’sirni ko‘rsatmoqda. Ushbu tadqiqot
surunkali buyrak kasalligi yoki demensiyaning klinik namoyon bo‘lishidan oldin xavf
stratifikatsiyasida buyrak ultratovush markerlarining ahamiyatini ta’kidlab, kognitiv buzilishlarning
dastlabki bashoratchilari sifatidagi rolini ko‘rib chiqadi.

Tayanch iboralar: subklinik buyrak disfunksiyasi; buyrak UTT; Dopplerografiya; buyrak
rezistiv indeksi; buyrak-miya o°qi; kognitiv buzilishlar; miya mayda tomirlari kasalligi; qon tomir
kognitiv pasayishi; mikrovaskulyar disfunksiya; erta tashxis.
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CYBKJIMHUYECKAS IOYEYHAS JUC®YHKIHNA KAK YJIbTPA3ZBYKOBOM
MPEJCKA3ATEJIb KOTHUTUBHBIX HAPYIIIEHUM

AOcTpakT

CyOxnuHuueckas mno4yeuHas NUCGYHKIUS BCE Yalle NPU3HACTCS CHUCTEMHBIM COCTOSIHHUEM,
CBSI3aHHBIM HE TOJIBKO C CEPACYHO-COCYTUCTHIMU 3a00JIEBAaHUSMU, HO M C KOTHUTUBHBIM CHH)KEHUEM.
CTpyKTypHBIE M TEMOJMHAMUYECKHE M3MEHEHHS B IOYKAaX MOTYT MPEAIIeCTBOBATh SIBHBIM
71ab0paTOpPHBIM HapYHICHUSIM W MOTYT OBITh OOHAapyKE€Hbl C IOMOIIBIO YJIbTPA3BYKOBBIX U
JOMNIIJIEPOBCKUX METOJ0B. PacTyiue paHHblE yKa3bIBalOT Ha TECHOE B3aUMOJACHCTBHE MEXIY
MOYKaMU M MO3TOM, OIOCPEIOBAaHHOE OOIIEeH MHKPOCOCYIUCTOM marosnoruedl. B nanHom
HCCIIEIOBAaHUM PAaCCMATPUBAETCS POJIb YJIbTPA3BYKOBBIX MAapPKEPOB MOYEK KAK PAHHUX MPEAUKTOPOB
KOTHUTHBHBIX HApYIICHUH, MOMYEPKUBAs MX IICHHOCTh B CTPATH(HUKAIUN PUCKA JO KIMHHYECKUX
MIPOSIBIICHUI XPOHUYECKOM OOJIE3HN MOYEK WIIH IEMEHIIHH.
KuioueBble cjioBa: CyOKIMHIYECKAs TOUEUYHAs JTUCPYHKIIHS; YIBTPa3BYKOBOE UCCIIEIOBAHHE MTOYEK;
Jlonmneporpadusi; pe3UCTUBHBIN HMHAEKC MOYEK; OChb MOYEK M MO3ra; KOTHUTHBHBIC HAPYLICHUS;
3a00/leBaHUs MEJIKUX COCYJOB TOJIOBHOTO MO3ra; COCYAHMCTOE KOTHUTHUBHOE VYXYAILICHUE;
MUKpPOCOCYIUCTas TUCHYHKIUS; PAaHHSIS TUarHOCTHKA.

Introduction

Cognitive impairment represents a major global health burden, particularly in aging
populations. While traditionally associated with neurodegenerative and cerebrovascular diseases,
cognitive decline is now understood as a multisystem process involving vascular, metabolic, and
inflammatory mechanisms. The kidney and brain share similar microvascular architecture and
susceptibility to endothelial dysfunction, making renal pathology a potential surrogate marker of
cerebral microangiopathy.

Subclinical renal dysfunction refers to early structural or hemodynamic alterations of the
kidneys that occur before a significant decline in glomerular filtration rate or elevation of serum
creatinine. Ultrasound imaging provides a non-invasive method for detecting these early changes.
Identification of renal ultrasound predictors may allow earlier recognition of patients at risk for
cognitive impairment.

Materials and Methods

Renal ultrasound assessment includes grayscale imaging and Doppler evaluation of intrarenal
and main renal arteries. Morphological parameters such as kidney size, cortical thickness, and
parenchymal echogenicity are analyzed. Doppler ultrasound focuses on hemodynamic indices,
particularly the renal resistive index (RRI) and pulsatility index (PI), which reflect intrarenal vascular
resistance.

Table 1. Renal ultrasound markers associated with cognitive impairment

Ultrasound parameter Subclinical change Clinical implication
Cortical thickness Reduced Early parenchymal damage
Parenchymal echogenicity Increased Chronic microstructural changes
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Renal resistive index >0.70 Microvascular dysfunction

Pulsatility index Increased Arterial stiffness

Cognitive status is evaluated using standardized neuropsychological tests assessing memory,
executive function, attention, and processing speed. Correlation analysis is performed between
ultrasound-derived renal parameters and cognitive performance scores.

Figure 1. Renal ultrasound markers of subclinical dysfunction
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Results

Ultrasound examination reveals that individuals with preserved renal function by laboratory
criteria may exhibit increased cortical echogenicity and reduced cortical thickness, suggesting early
parenchymal involvement. Doppler studies frequently demonstrate elevated RRI and PI values,
indicating increased intrarenal vascular resistance.

Statistical analysis shows a significant association between elevated RRI and reduced cognitive
scores, particularly in executive function and processing speed domains. These findings persist after
adjustment for age, hypertension, and diabetes, supporting an independent relationship between
subclinical renal dysfunction and cognitive impairment.

Table 2. Cognitive domains correlated with renal Doppler indices

Cognitive domain Correlation with RRI
Executive function Strong
Processing speed Moderate
Memory Moderate
Attention Weak—moderate
Discussion
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The observed correlation between renal ultrasound markers and cognitive impairment supports
the concept of a kidney—brain axis. Increased intrarenal vascular resistance likely reflects systemic
microvascular disease affecting both renal and cerebral circulation. Elevated RRI has been linked to
arterial stiffness, endothelial dysfunction, and cerebral small vessel disease.

Figure 2. Conceptual kidney—brain interaction

Ultrasound-based renal assessment offers several advantages as a predictive tool: it is widely
available, non-invasive, repeatable, and does not involve ionizing radiation. Detection of subclinical
renal abnormalities may therefore serve as an early warning sign of impending cognitive decline,
enabling preventive strategies and closer neurological monitoring.

Conclusion

Subclinical renal dysfunction detected by ultrasound is significantly associated with cognitive
impairment, even in the absence of overt chronic kidney disease. Renal ultrasound and Doppler
parameters, particularly the resistive index, may serve as early, accessible predictors of cognitive
decline. Incorporating renal ultrasound into multidisciplinary risk assessment models could improve
early identification and prevention of cognitive impairment.
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